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Background: Acute Vogt-Koyanagi-Harada (VKH) disease and acute central serous chorioretinopathy (CSCR) are
two common disorders with serous retinal detachment caused by dysfunction of choroid. The purpose of this
study is to compare the morphological changes of these two diseases with spectral domain optical coherence
tomography (SD-OCT).
Methods: In this retrospective comparative study, the SD-OCT images of 65 eyes with acute VKH and 52 eyes with
acute CSCR were reviewed for the presence of subretinal fluid, folds of retinal pigment epithelial (RPE), fluctuation
of internal limiting membrane (ILM), subretinal septa, retinal pigment epithelium detachment (PED) and bulge of
RPE. The foveal thickness was measured using the manual caliper of OCT software. The characteristics of SD-OCT
were compared between two diseases.
Results: Subretinal fluid was present in both diseases. Folds of RPE, fluctuation of ILM, subretinal septa were seen
only in VKH. Bulge of RPE presented only in CSCR. PED was more common in CSCR than in VKH (44.2% vs 3.1%,
p < 0.001). The thickness of fovea and RPE undulation index were significantly greater in VKH compared to that in
CSCR (746.7 ± 423.8 vs 444.9 ± 158.8 μm, p < 0.001 and 1.0667 ± 0.0509 vs. 1.0177 ± 0.0023, p = 0.003).
Conclusion: Our study showed that although VKH and CSCR share similar features on SDOCT, there are
characteristic differences between both disease entities.
Keywords: Vogt-Koyanagi-Harada disease, Central serous chorioretinopathy, Spectral-domain optical coherence
tomographyBackground
Vogt-Koyanagi-Harada (VKH) disease is a common cause
of panuveitis involving both eyes among darkly pigmented
races [1]. It accounts for about 8% to 13% of total uveitis
patients in Eastern Asian [2]. The acute phase of VKH dis-
ease is characterized by diffuse choroidal inflammation
and serous retinal detachment in the posterior pole [3].
Central serous chorioretinopathy (CSCR) is a common
disease characterized by serous detachment of the neuro-
sensory retina and/or the retinal pigment epithelium
(RPE) that often involves the macula.
There are some similarities as well as differences be-
tween the features of VKH and CSCR. Both of them are* Correspondence: drchenhaoyu@gmail.com
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unless otherwise stated.caused by disorder of choroid and RPE. They also share
some common clinical manifestation, such as serous ret-
inal detachment, leakage from RPE on fundus fluorescein
angiography (FFA) [4-9]. However, VKH is an inflamma-
tory disease while CSCR occurs due to vascular comprom-
ise in choroid. The treatment of VKH and CSCR are
opposite. High dose systemic corticosteroid therapy is re-
quired in VKH but forbidden in CSCR [3,10,11]. Failure in
differentiating CSCR from VKH diseases may result in in-
appropriate use of corticosteroids, leading to exacerbation
of disorder.
Spectral-Domain Optical coherence tomography (SD-
OCT) provides non-invasive high speed, high resolution,
three-dimensional cross-section imaging of macula. It is
widely used for investigation and diagnosis of macular dis-
eases [12,13]. In the present study, we investigated the. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
Lin et al. BMC Ophthalmology 2014, 14:87 Page 2 of 6
http://www.biomedcentral.com/1471-2415/14/87features of VKH and CSCR on SD-OCT images. To our
knowledge, there has not been a head-to-head comparison
of OCT features for these two diseases.
Methods
Subjects
This is a retrospective comparative study. It was approved
by the Institutional Review Board of Joint Shantou Inter-
national Eye Center and complied with the Declaration of
Helsinki. Informed consent was waived due to the retro-
spective design of this study.
The patient database of Joint Shantou International Eye
Center, Shantou University & the Chinese University of
Hong Kong from January 2011 to February 2013 was
searched. The medical charts of patients diagnosed as VKH
disease or CSCR received further review. The patients re-
ceived comprehensive ophthalmic examinations. Best-
corrected visual acuity (BCVA) was measured with the
Chinese standard logarithm visual chart and converted into
logarithm of the minimal angle of resolution (LogMAR)
unit. Intraocular pressure was measured using a non-
contact tonometer. Slit lamp biomicroscopy was performed
to examine anterior segment and retina with mydriasis.
Fundus fluorescein angiography (FFA) was performed
with Heidelberg Retina Angiograph (HRA2, Heidelberg
Engineering, Germany). None of the subjects had received
systemic corticosteroid treatment before the OCT scan.
Diagnosis of VKH disease was based on the diagnostic
criteria laid down by the International Committee in 2001
[1]. Diagnosis of acute CSCR was based on typical angio-
graphic findings of focal neurosensory retinal detachment
or retinal pigment epithelium (RPE) detachment with
leakage at the level of the RPE seen on fluorescein angiog-
raphy that resolved spontaneously [14]. Exclusion criteria
were as follows: (1) the time from onset to OCT scan was
more than four weeks; (2) coexistence of other retinal dis-
eases; and (3) the image quality score of OCT was lower
than 4/10 (signal strength).
Spectral domain optical coherence tomography
SD-OCT examinations were performed with Cirrus HD-
OCT (Carl Zeiss, Germany) using the macular cube 512 ×
128 acquisition protocol. OCT images were evaluated by
two independent readers (D.L. and Z.Z) who were masked
to the clinical diagnosis. For the purpose of this study,
RPE fold was defined by at least two sets of peaks and
troughs of RPE [15] (Figure 1a). Fluctuation of internal
limiting membrane (ILM) was defined as at least two sets
of peaks and troughs at the level of ILM (Figure 1a). Sub-
retinal fluid on OCT was defined as homogeneous hypo-
reflective space between neurosensory retina and RPE
(Figure 1) [16]. Pigment epithelium detachment (PED)
was defined as a dome-shaped elevation of the RPE typic-
ally seen overlying a homogeneously hypo-reflective space,bound inferiorly by a visible Bruch’s membrane (Figure 1e)
[17]. Subretinal septa was defined as a highly reflective line
separated from neurosensory retina and continuous with
the junction of the photoreceptor inner and outer segments
(IS/OS) in attached areas of the retina (Figure 1b,c). Bulge
of RPE was defined as a small protrusion of the RPE layer
(a slight elevation of the RPE without an area of low reflect-
ivity) (Figure 1e). The RPE undulation index was obtained
as described by Hosoda et al. [18]. It was defined as RPE
line length to the total scan length ratio on a foveal-
centered scan in the SD OCT image (Figure 2). The thick-
ness of fovea was measured as the distance between ILM
and the inner border of the line RPE at the central fovea,
manually using the caliper in the Cirrus HD-OCT software
(version 4.5.1.11). The RPE length measurements were
processed by a single operator (D.L.) using ImageJ software
(National Institutes of Health, Bethesda, Maryland, USA;
available at http://rsb.info.nih.gov/ij/index.html).
Statistical analysis
Statistical analyses were performed using SPSS for Win-
dows (version 17.0; SPSS, Inc., Chicago, IL). Kappa coeffi-
cients of concordance were used to evaluate the agreement
between the two readers. The demographic and OCT char-
acteristics were compared between acute VKH disease and
acute CSCR. Student’s t tests were performed to compare
continuous variables and chi-square test or Fisher’s exact
test was performed to compare dichotomous variables be-
tween the two diseases. P values of less than 0.05 were con-
sidered statistically significant.
Results
Overall, 3 eyes with VKH syndrome were excluded due
to inadequate signal strength. Finally 65 eyes of 34 pa-
tients with acute VKH disease and 52 eyes of 52 patients
with acute CSCR patients were included in this study.
Table 1 demonstrates the demographic information in-
cluding age and gender in acute VKH disease and acute
CSCR. There was a male predominance in the CSCR
group, but not in the VKH disease group (90% in CSCR vs.
50% in VKH, p < 0.0001, chi square test). There was no sig-
nificant difference in patients’ age between the two groups
(p = 0.93, student’s t test). BCVA was significantly worse in
VKH than in CSCR group (0.84 ± 0.47 vs. 0.33 ± 0.23 Log-
MAR, p < 0.001, student’s t test, Table 2). Eyes with acute
VKH showed an increased RPE undulation index compared
to acute CSCR (1.0667 ± 0.0509 vs. 1.0177 ± 0.0023, p =
0.003, student’s t test, Table 2). The kappa coefficients of
inter-observer agreement of each OCT features were
greater than 0.8 (Table 3).
Figure 1 illustrates the SD-OCT features of acute
VKH disease and acute CSCR. Comparison of the OCT
characteristics between eyes with acute VKH disease
and acute CSCR is shown in Table 3. Thickness of fovea
Figure 1 Spectral-domain optical coherence tomography (OCT) features d of acute Vogt-Koyanagi-Harada (VKH) disease and acute
central serous chorioretinopathy (CSCR). Figure 1a,b and c showed the OCT images of VKH. Figure 1d,e and f showed the OCT images of
CSCR. SRF = subretinal fluid; RPE = retinal pigment epithelium; PED = pigment epithelium detachment; ILM = inner limiting membrane.
Figure 2 Calculation of Retinal pigment epithelium undulation index. The RPE undulation index, defined as (Lh + Lv)/12 000, where Lh and
Lv are the RPE line length in the 6 mm foveal-centered horizontal and vertical OCT scans, respectively (red line).
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Table 1 Demographic data in patients with VKH disease and CSCR
Variable VKH CSCR P value Statistical method
N (people) 34 52
Age, y (mean ± SD) 40.5 ± 14.4 40.7 ± 7.4
0.93 Student’s t test
(range) (18–74) (24–66)
Gender (male: female) 17:17 45: 7 <0.001 Chi-square test
Time from onset, day
<0.001 Student’s t test(Mean ± SD) 6.0 ± 2.5 11 ± 6.7
(Range) (3–14) (4–28)
VKH = Vogt-Koyanagi-Harada; CSCR = central serous chorioretinopathy; SD: standard deviation.
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423.8 μm vs. 444.9 ± 158.8 μm, p < 0.001, student’s t test).
All eyes with acute VKH and CSCR had subretinal fluid.
Folds of RPE, fluctuation of ILM and subretinal septa were
seen in 67.7%, 52.3% and 84.6% eyes with acute VKH dis-
ease respectively, but not in eyes with acute CSCR (all p <
0.0001, Fisher’s exact test). However, PED was significantly
more common in acute CSCR eyes compared to acute
VKH eyes (Figure 1c, 44.2% versus 3.1%, p < 0.001, Fisher’s
exact test). The bulge of RPE was present in 40.4% of eyes
with CSCR patients but not in eyes with acute VKH dis-
ease (p < 0.001, Fisher’s exact test).Discussion
In this retrospective study, we compared the tomographic
features of acute VKH disease and acute CSCR on SD-
OCT. Our results showed that subretinal fluid was present
in both diseases. The thickness of fovea and RPE undula-
tion index were significantly greater in VKH compared to
that in CSCR. The folds of RPE, fluctuation of ILM and
subretinal septa were only present in VKH. On the other
hand, CSCR was notable for having significantly more
PED and bulge of RPE.Table 2 Comparison of OCT features between acute VKH and
OCT characteristic VKH
N (eyes) 65
BCVA (LogMAR)a 0.84 ± 0.47 0.
Foveal thickness (μm)a 746.7 ± 423.8 444
Subretinal fluid 65/65 (100%) 52/
Folds of RPE 44/65 (67.7%) 0
Fluctuation of ILM 34/65 (52.3%) 0
Subretinal septa 55/65 (84.6%) 0
PED 2/65 (3.1%) 23/
Bulge of RPE 0/65 (0%) 21/
RPE length index
(mean ± SD) 1.0667 ± 0.0509 1.01
OCT =Optical coherence tomography; VKH = Vogt-Koyanagi-Harada; CSCR = central se
of the minimum angle of resolution; PED = pigment epithelium detachment; RPE = reti
aBCVA and thickness was denoted as mean ± standard deviation.Although the exact pathophysiology of VKH disease and
CSCR remains not fully understood, both diseases share
common pathogenesis on dysfunction of RPE and choroid.
Primary pathology of CSCR is thought to begin with dis-
ruption of the choroidal circulation [19]. The RPE is then
decompensated and allows exudate from the choroidal
vasculature to pass into the subretinal space [20-22]. Vari-
ous morphologic changes such as PED, bulge of RPE, and
subretinal fluid in eyes with CSCR were reported using
SD-OCT [23-26]. It was presumed that PED and bulge in
the RPE layer may be associated with leakage points in ac-
tive CSCR. A previous study [27] described retinal pig-
ment epithelial hyperplasia in CSCR. With en face OCT
the authors identified this feature in 31% eyes of the CSCR
They also found that retinal pigment epithelial hyperplasia
was often located at the leaking points observed on FFA.
In the current study, the incidence of bulge of RPE (21/52,
40.4%) in acute CSCR cases was similar to those reported
in another study (35% and 31%) [24]. This may indicate that
bulge of RPE is probably the same as retinal pigment epi-
thelial hyperplasia. The incidence of PED (23/52, 44.2%)
was a little lower than that reported in the literature (61%)
[24]. Small PEDs may be missed because we only scan the
macular region in our subjects, while another previousacute CSCR
CSCR P value Statistical method
52
33 ± 0.23 <0.001 Student’s t test
.9 ± 158.8 <0.001 Student’s t test
52 (100%) 1 Fisher’s exact test
/52 (0%) <0.001 Fisher’s exact test
/52 (0%) <0.001 Fisher’s exact test
/52 (0%) <0.001 Fisher’s exact test
52 (44.2%) <0.001 Fisher’s exact test
52 (40.4%) <0.001 Fisher’s exact test
77 ± 0.0023 =0.003 Student’s t test
rous chorioretinopathy; BCVA= best corrected visual acuity; LogMAR = logarithm
nal pigment epithelium; ILM = internal limiting membrane.
Table 3 Kappa coefficients of concordance between two
independent readers on each OCT feature
OCT character Kappa
Subretinal fluid 1
Folds of RPE 0.928
Fluctuation of ILM 0.938
Subretinal septa 0.83
PED 0.975
Bulge of RPE 0.883
OCT = Optical coherence tomography; PED = pigment epithelium detachment;
RPE = retinal pigment epithelium; ILM = internal limiting membrane.
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responding precisely to the leakage points on FFA around
the whole retina.
Although PED was a less common feature in acute VKH
disease [3,28], patients with VKH disease demonstrated
significant distortions of the RPE layer on their OCT im-
ages. Previous studies have reported folds of the RPE on
OCT in eyes with VKH disease [29,30]. Gupta et al. [30]
reported that the undulations were observed as peaks and
troughs in RPE layer. In current study, we found 44/65
(67.7%) eyes of acute VKH disease had folds of the RPE
and the incidence was similar to other literature reports
(71.4%) [15]. The RPE undulation index was first described
by Hosoda et al. [18]. It can provide quantitative measure-
ment of RPE morphological changes. In the current study,
we identified that the distortion of RPE layer in acute
VKH was significantly severe than acute CSCR. This may
be due to choroidal congestion caused by the infiltration of
inflammatory cells. As the retina is softer than the sclera,
the RPE could manifest as folds [15].
The subretinal septa was found in 55/65 (84.6%) acute
VKH disease eyes but not in acute CSCR eyes. With high
resolution SD-OCT, a membranous structure was de-
tected in the floor of cystoid spaces. It was suggested that
the membranous structure was a portion of the outer seg-
ment (OS) layer that had become separated from the inner
segment (IS) layer by cystoid spaces [31]. In our study, the
OCT imaging showed that the septa and the cysts were all
below the line representing the ELM, the septa was a part
of outer segment layer which detached from inner seg-
ment (Figure 1b,c). This finding suggests that edema of
the photoreceptors may be caused by acute inflammation
at choroid [32]. These results also can explain why the vis-
ual acuity of acute VKH disease patients was worse than
those of acute CSCR patients (0.84 vs. 0.33, LogMAR).
We identified fluctuation of ILM in 34 of 65 eyes
(52.3%) on the SD-OCT images of acuteVKH disease pa-
tients but none in CSCR patients. To the best of our
knowledge, there was no previous report of this character-
istic in literature. The mechanism of ILM fluctuation re-
mains unknown. There may be two possible explanations.First, the inflammatory cells infiltrated in vitreous may
cause local constriction of ILM. Second, the inflammation
may cause diffuse but uneven edema of retina and chor-
oid. The retina may bulge inside in some location and lead
to folding of ILM.
Acute VKH disease and acute CSCR share some com-
mon clinical manifestation such as the presence of subret-
inal fluid. The distinguishing features of VKH disease and
CSCR on SD-OCT can help us differentiate these two dis-
orders in clinical practice. Furthermore, CSCR is a possible
complication of corticosteroids treatment in VKH disease.
The morphological changes on OCT could possibly help in
differentiating a new recurrence of VKH from CSCR as a
side effect of corticosteroids treatment. On the other hand,
both VKH disease and CSCR are caused by disorder of
choroid and RPE. The different features of VKH and CSCR
on SD-OCT may provide insight into the difference of
pathogenesis between these two diseases.
We recognize some limitations of our study. First, it is
a retrospective study and there may be bias in patient
selection. A prospective study including more subjects
is needed to confirm our results. Second, there is only
one time point in our study. Further studies with longi-
tudinal follow up will provide more insight into the
pathogenesis of VKH. Third, the analysis of SD-OCT
characteristics is qualitative. Further studies with quan-
titative image analysis will help us better characterize
the SD-OCT images of VKH disease and CSCR. Finally,
the images acquired in this VKH and CSCR cohorts
were not under the enhanced depth-imaging model. So
the image quality did not allow us to evaluate the fea-
tures of choroid in most of the VKH cases.Conclusions
In summary, our study found that on SD-OCT, acute
VKH disease and acute CSCR have both similar as well
as different features. Subretinal fluid was present in
both diseases. The folds of RPE, fluctuations of ILM,
and subretinal septa were seen only VKH. RPE bulge
was seen only in CSCR. PED was more common in
CSCR than in VKH. SD-OCT provides useful informa-
tion to differentiate CSCR and VKH. It may suggest dif-
ferent pathophysiology of these two diseases.Abbreviations
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